A s i a n J o u r n a l o f HUMAN SERVICES Printed 2018.1030 ISSN2188-059X
I. Introduction
Life expectancy and retirement age are increasing worldwide, Japan being the fastest aging nation (Statistics Bureau, Japan, 2018). Because of this change, maintenance of mobility has become a vital part of a good quality of life and working capacity. In aging neuromuscular control declines (Delbono, 2003) and muscle mass (Nair, 2005) and cardiorespiratory performance decrease (Sanada, Kuchiki, Miyachi, et al., 2007) . These factors promote instability in common daily movements thereby increasing the risk of falls. It is a well-known phenomenon that the improvement of mobility and balance prevents falls and fractures (Kannus, Sievänen, Palvanen, et al., 2005) .
Nordic Walking (NW) is a popular and fast growing form of exercise in Europe.
Previous studies have demonstrated that NW has both short-term and long-term effects on cardiorespiratory performance. Studies by Porcari, Hendrickson, Walter, et al. (1997) and Church, Earnest & Morss (2002) have found that walking using poles resulted in significant increases in VO2, caloric expenditure, and heart rate (HR) responses in comparison to walking without poles on a treadmill. Conversely, Schiffer, Knicker, Hoffman, et al. (2006) found that NW resulted in fairly small increases in HR and VO2.
The pooling technique (e.g. intensity of pooling) seems to be the reason for inter-individual differences and the degree of improvement in oxygen consumption (Church, Earnest & Morss, 2002) . The increase is due to increased muscle activity in the upper body muscle groups (Koizumi, Tsujiuchi, Takeda, et al., 2008) .
To the best of our knowledge, there are not many published studies available examining the long-term effects of Nordic Walking. Stoughton (1992) studied muscular and aerobic fitness responses before and after 12 weeks of exerstriding and walking training in sedentary women. In their study, the participants were subdivided into three groups: a walking group, a walking group with poles, and a control group. The maximal aerobic power increased significantly in both exercise groups, which was 8 and 19%, respectively, for each group. Muscular endurance improved by 37% in the Exertrider group and by 14% in the walking group. In contrast, Kukkola-Harjula, Hiilloskorpi, Mänttäri, et al. The results demonstrated that NW is a suitable exercise method for the elderly and NW may improve functional capacity safely and effectively in this population. However, the knowledge of how NW affects aerobic and functional capacity among the elderly is still lacking. Furthermore, randomized controlled studies are also needed with global participation (e.g. Japan). Thus, the aim of this study was to explore the effects of a structured, 8-week NW exercise program on mobility, functional capacity, and physical conditions in elderly Japanese men and women. 
Subjects and Procedures
Community dwelling elderly were recruited from annual medical checkups in Yamamoto town (Figure 1) . A subject group was chosen from an age group ranging in age from 60-70 years. All subjects were able to walk independently (i.e., not dependent on mobility aids) and stand (≥ 1 minute) and walk (≥ 1 km) without any assistance. To prevent potential confounding effects from other exercise programs, volunteers who regularly (≥ 1 day per week) participated in a supervised exercise program were excluded.
The study plan was explained and written informed consent was obtained. Forty subjects were stratified according to age and sex, then the community nurse who was independent of this study randomly assigned the participants to an exercise (n = 20) or control (n = 20) group. Group assignment was revealed following baseline testing. All studies were performed according to a research protocol approved by the Ethical Committee of the Tohoku Fukushi University.
<Figure 1> Flowchart of recruitment and inclusion of study participants. For the control group, the community nurses provided phone calls every other week to discuss health-related topics, which were not related to physical exercise. Otherwise, they were asked to continue their usual daily activities. All subjects were asked to refrain from initiating any other new exercise programs, or otherwise consciously changing their activity levels during their participation in the study.
NW=Nordic walking

Physical Fitness Measurements
After the 8-week NW exercise period, the same measurements were repeated for all subjects. The physical fitness tests included to sit-and-reach test for flexibility, timed-up and go test (TUG) (Podsiadlo & Richardson, 1991) for functional mobility, knee extensor strength for lower extremity strength, and the incremental shuttle walking test (ISWT) (Singh, Morgan, Scott, et al., 1992) for endurance fitness. Flexibility was measured by a sit-and-reach test (Yamamoto, Kawano, Gando, et al., 2009) using a digital flexibility testing device (T.K.K.5112; Takeikiki Co. Ltd, Tokyo, Japan). Isometric knee extensor strength was measured bilaterally using a Musculater GT-50 (OG-giken Co. Ltd., Okayama, Japan). The subjects sat on a specially designed chair secured with straps fastening the trunk and thighs to fix their hip joint at 90 degrees and a knee joint at 70 degrees. The lower leg was tightly strapped to a strain gauge transducer placed just above the ankle. Subjects were asked to exert three-second isometric maximal voluntary contractions against the strain gauge transducer. Two attempts were carried out at three-minute intervals. The real-time force applied to the force transducer was displayed and the peak value was recorded. Peak extension torque was calculated by the multiplication of force with the length of lever arm for each subject. In each of the functional tests, the best of two trials was chosen for analysis. (4) and repeated the trail after a few minutes' rest. We instructed the participants to gaze at a point marker at eye-level at a distance of 2 m and to stand as motionless as possible during all tests. The data sampling rate was set to 50 samples/second, and test duration was 30 seconds for each condition. For data analysis, we used standard posturographic parameters derived from the center-of-pressure (COP), 90% confidence ellipse area (C90A), trace length (TL), sway average velocity (SaV), and standard deviation velocity (StdV). In the analysis of the balance data, the subject's best trial was chosen.
Statistical analysis
Data were analyzed using the SPSS statistical software package, version 14.0 (SPSS Inc., Chicago, USA). Comparisons between the two groups were performed using either the Mann-Whitney test or the chi-squire test for nonparametric variables and the independent samples t-test for parametric variables. The training parametric data were
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Human analyzed by repeated-measures ANOVA with post-hoc test. All data with a p < 0.05 confidence level were considered statistically significant.
III. Results
Subject Characteristics
One participant from the NW group did not complete the study, and the subject's baseline data were excluded. Attendance at training sessions for the NW group was 90%.
There were no statistically significant differences between the NW and control group characteristics at baseline (Tables 1 & 2 
Changes observed
Although body weight in the NW was unchanged after the training period, there was a slight but significant increase in the control group (p < 0.05). During the 2nd and 11th training sessions, the average HR during the 800 m NW increased from 122±17 bpm (2nd session) to 130±16 bpm (11th training session) at a self-selected comfortable speed. The average walking speed was significantly (p < 0.05) faster at the 11th training session (1.46±0.14 m/s) compared to the 2nd session (1.58±0.15 m/s), whereas their RPE was similar for all sessions (2nd: 12.3±1.7 vs. 11th: 11.6 ±1.3). The symbols and error bars express mean ± SD. *p < 0.05 pre-vs. post-intervention period within the group.
In the force platform measurements ( Outcome variables were: TL = trace length, C90 Area = area of the 90% confidence ellipse, StdV = Standard deviation velocity, SaV = sway average velocity. *p < 0.05 pre-vs post-intervention period within group.
IV. Discussion
This study indicates that 8 weeks of the NW program either improved or maintained functional mobility, flexibility, and leg strength with measurable changes in static balance as assessed by the balance platform. As training progressed, NW became a relatively high intensity activity for the elderly.
In older adults, NW or walking with poles seems to have had potential benefits with reduced load to the lower extremities at a controlled walking speed (Strutzenberger, Rasp, We found that NW speed was also significantly faster after the 11 th session of training. In addition, isometric knee extensor strength improved after the NW training.
To assess endurance capacity for the elderly in the present study, we used the ISWT. session. In addition, the %HRR values also increased from 68±15% during the 2 nd session to 77±17% during the 11 th session. According to the American College of Sports Medicine guidelines, exercise at an intensity equivalent to 60-84% of HRR is considered "hard" or "vigorous" (Woledge, Birtles & Newham, 2005) . NW is often viewed favorably as exercise in terms of energy expenditure. However, with regard to the safety of this type of exercise among the elderly, precautions should be taken given the discrepancy between subjective feeling of intensity (RPE) and the physiological basis of intensity (i.e., %HRR).
Traditionally, moderate (40-59 %HRR) intensity activities are preferred among older adults, especially for those with chronic diseases. Schiffer, Knicker, Hoffman, et al. (2006) reported that both HR and oxygen consumption responses were similar for NW and jogging at both 6.4 km/h and 7.5 km/h. They also found that based on lactate concentrations, training recommendations derived from walking tests would underestimate NW loads when training intensity was determined using monitoring of HR. Moreover, an increase in walking speed led to a more dynamic walking pattern and simultaneously led to increased ground force in the first part of the stance phase 
